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ASSET  PRICES,  MARKET  FUNDAMENTALS,  AND  LONG  TERM  EXPECTATIONS: 
SOME  NEW  TESTS  OF  PRESENT  VALUE  MODELS 


We  present  some  new  tests  of  present  value  models  which  allow  for 
variability  in  interest  rates  and  risk  premia.   Our  approach  is  to  use 
several  different  models  to  incorporate  discount  rate  variation  into 
our  calculation  of  ex  post  market  fundamentals.   We  apply  a  regression 
test  to  determine  whether  asset  prices  are  unbiased  predictors  of  ex 
post  market  fundamentals.   The  tests  are  applied  to  stock  prices  and 
bond  prices  and  we  find  that  bond  prices  pass  the  tests  for  unbiased 
prediction,  but  stock  prices  do  not.   The  tests  for  bond  prices  pro- 
vide us  with  additional  evidence  on  the  state  of  long  terra  expecta- 
tions. 
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ASSET  PRICES,  MARKET  FUNDAMENTALS ,  AND  LONG  TERM 
EXPECTATIONS:   SOME  NEW  TESTS  OF  PRESENT  VALUE  MODELS 


A  number  of  empirical  studies,  beginning  with  the  work  of  Shiller 
(1981)  and  LeRoy  and  Porter  (1981),  have  produced  evidence  that  stock 
prices  exhibit  excess  volatility.   The  econometric  techniques  of  the 
original  studies  have  been  criticized,  but  subsequent  research,  in 
reaction  to  the  criticism,  has  continued  to  produce  evidence  of  excess 
volatility.   The  interpretations  of  these  results  are  numerous  and 
varied.   Some  of  the  interpretations  maintain  the  validity  of  rational 
expectations  while  others  emphasize  irrational  behavior  in  the  stock 
market.   Most  of  the  empirical  tests  are  based  on  a  constant  discount 
factor  model,  and  it  has  been  observed  that  risk  aversion  and 
variation  in  discount  rates  could  be  responsible  for  the  apparent 
excess  volatility.    By  contrast,  Shiller  (1984)  and  Summers  (1986) 
have  interpreted  the  results  as  evidence  of  fads  or  irrational  depar- 
tures of  stock  prices  from  the  underlying  market  fundamentals. 
Another  related  interpretation  which  has  received  considerable  atten- 
tion is  the  possibility  of  "rational"  speculative  bubbles.   These  last 
two  interpretations  can  be  traced  back  to  the  analysis  of  Keynes  in 
Chapter  12,  "Long  Terra  Expectation,"  of  The  General  Theory.   Keynes 
described  the  behavior  of  the  stock  market  as  irrational  and  compared 
it  to  a  "game  of  Snap,  of  Old  Maid,  of  Musical  Chairs." 

Early  in  Chapter  12,  Keynes  made  a  distinction  between  short-term 
and  long-terra  expectations,  but  he  placed  his  emphasis  on  the  state  of 
long-terra  expectations.   Another  possible  interpretation  of  the 
empirical  results  on  stock  market  volatility  is  that  the  market  does 
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not  form  long-terra  expectations  rationally.   The  present  value  model 
incorporates  expectations  over  a  very  long  time  horizon  and  the 
rational  behavior  of  long-terra  expectations  is  part  of  the  null 
hypothesis  being  tested.   Many  researchers  have  found  that  stock  price 
changes  and  rates  of  return  over  short  time  intervals  are  difficult  to 
predict,  and  the  evidence  of  serial  correlation  in  short-period 

returns  has  not  been  sufficient  to  warrant  rejection  of  the  efficient 

2 
markets  hypothesis  or  the  rationality  of  short-term  expectations. 

Recently,  Fama  and  French  (1988a)  have  found  that  serial  correlation 
in  returns  becomes  greater  in  magnitude  as  we  extend  out  to  several 
years  the  time  horizon  over  which  returns  are  calculated.   Their 
results  cast  some  doubt  on  the  behavior  of  medium-terra  expectations, 
but  they  point  out  that  this  correlation  can  be  explained  by  variation 
in  expected  returns. 

In  this  paper  we  address  two  issues.   First,  we  develop  alter- 
native versions  of  the  present  value  model  for  asset  prices  to  incor- 
porate variation  in  discount  rates.   We  do  this  by  incorporating 
variation  in  short-terra  interest  rates  and  risk  preraia,  and  our  alter- 
native models  do  not  require  linear  approximations.   Second,  we  pro- 
vide indirect  evidence  on  the  behavior  of  long-term  expectations  by 
applying  the  tests  to  bond  prices  as  well  as  stock  prices.   The  present 
value  models  for  both  long-terra  bonds  and  stocks  incorporate  expecta- 
tions about  the  distant  future.   Long-terra  bonds,  however,  are  differ- 
ent because  they  have  a  natural  terminal  condition,  maturity,  which 
can  be  used  to  rule  out  the  possibility  of  a  rational  speculative 
bubble.   Testing  the  present  value  model  for  bond  prices  provides 


-3- 

additional  evidence  on  the  behavior  of  long-term  expectations.   If  the 
present  value  model  is  rejected  for  both  stocks  and  long-term  bonds, 
then  we  interpret  the  results  as  evidence  against  the  rationality  of 
long-term  expectations.   If  the  present  value  model  is  rejected  for 
stocks,  but  not  for  long-terra  bonds,  we  can  conclude  that  the  cause 
is  not  so  much  the  state  of  long-term  expectations,  but  rather  some- 
thing unique  to  the  stock  market.   To  foreshadow  our  results,  we  note 
that  Keynes,  toward  the  end  of  Chapter  12,  altered  his  view  of  long- 
terra  expectations: 

We  should  not  conclude  from  this  that  everything 
depends  on  waves  of  irrational  psychology.   On  the 
contrary,  the  state  of  long-term  expectation  is 
often  steady,  and,  even  when  it  is  not,  the  other 
factors  exert  their  compensating  effects. 

I.   Alternative  Tests  of  Present  Value  Models 

Our  first  objective  is  to  incorporate  variation  in  interest  rates 
and  risk  premia  into  tests  of  asset  prices  and  market  fundamentals. 
We  use  two  different  approaches.   The  first  one  is  to  use  a  model 
based  on  single  period  discount  rates  and  the  second  one  is  to  use  an 
intertemporal  capital  asset  pricing  model  (CAPM)  with  estimates  of  the 
marginal  rate  of  substitution  (MRS).   We  present  the  model  with  single 
period  discount  rates  first  because  it  is  easier  to  present  and  inter- 
pret.  We  start  from  the  definition  of  the  single  period  discount  rate: 

where  k   is  the  one  period  rate  for  the  asset,  P   is  the  price  at  the 
end  of  period  t,  and  D   -  is  the  dividend  or  cash  flow  received  on  the 
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asset  during  period  (t+1).   We  assume  that  dividends  are  received  at 
the  end  of  the  period.   E   indicates  the  expectation  conditional  on 
information  available  at  time  t,  E  (')  =  E("|l  ).   We  place  a  time 
subscript  on  the  discount  rate  to  allow  for  variation  over  time.   We 
rearrange  the  equation  so  that  it  is  a  stochastic  difference  equation 
for  price: 

pt  =  (rrr;>tEt(pt+i)+Et(Vi)1-  (1> 

A  solution  for  prices  in  equation  (1)  is 

pt°vL-iVi     '•  (2> 

3   .Vi+w 

i=0 

We  emphasize  that  this  is  not  the  only  solution  to  equation  (1) 
because  there  is  an  arbitrary  terra  or  bubble  that  can  be  added  to  the 
solution  in  (2)  if  we  are  applying  the  model  to  stocks.   Without  an 
additional  boundary  or  terminal  condition,  we  do  not  have  a  unique 
solution  to  equation  (1).   The  solution  in  equation  (2)  is  the  one 
that  we  generally  associate  with  efficient  capital  markets  and  stock 
market  rationality.   The  solution  in  (2)  states  that  asset  prices 
reflect  the  conditional  expectation  of  discounted  future  cash  flows 
and  we  shall  refer  to  the  right  side  of  (2)  as  the  market  fundamental. 
We  also  note  that  equations  (1)  and  (2)  apply  to  either  nominal  prices 
and  dividends  or  real  prices  and  dividends,  depending  on  how  we  define 
the  discount  rates.   For  convenience,  we  use  nominal  prices  and  divi- 
dends with  nominal  discount  rates. 
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When  the  model  in  (2)  is  applied  to  bonds  which  are  known  to  mature 
at  a  future  date,  we  have 

P  _  E  r  I  °^J   i  =  E  r  I  9 + 1100 , 

Pt  "  V  S  j-1        J    Vs  j-1  N-l        J' 

i=0  i=0  1=0 

where  C  is  the  regular  coupon  payment,  N  is  the  number  of  periods  to 
maturity,  and  par  value  is  set  at  $100.   Maturity  serves  as  a  natural 
terminal  condition  which  can  be  used  to  rule  out  the  possibility  of  a 
rational  bubble  in  bond  prices. 

Our  tests  are  based  on  methods  which  have  been  applied  in  the 

3 
literature.    We  define  the  ex  post  market  fundamental  as  follows: 

00      D 

*  t+j 


P   =   S  -r-r 
1=0 

If  asset  prices  reflect  market  fundamentals  only,  then  we  have 
P  =  P  +  e  ,  where  e  is  a  forecast  error  uncorrelated  with  P  .   The 
initial  tests  of  this  model  by  Shiller  and  LeRoy  and  Porter  focused  on 
the  variances  of  P   and  P  .   More  recent  tests  by  Scott  (1985), 

Campbell  and  Shiller  (1987),  and  Shiller  (1988)  have  focused  on  the 

4 
implied  regression  relationship.    According  to  the  efficient  markets 

model,  the  asset  price  should  be  an  unbiased  predictor  of  the  ex  post 
market  fundamental.   In  a  regression  of  P   (or  P   appropriately  trans- 
formed) on  P   (or  P  with  the  same  transformation),  the  slope  coeffi- 
cient on  P   should  equal  one  and  the  intercept  should  equal  zero.   If 
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asset  markets  experience  excess  volatility  and  tend  toward  overvalua- 
tion, then  the  slope  coefficient  will  be  less  than  one  and  the  inter- 
cept will  be  greater  than  zero.   If  the  asset  price  contains  the 
addition  of  a  significant  noise  terra,  as  in  the  model  of  Summers 
(1986),  then  the  regression  has  a  classical  measurement  error  inter- 
pretation and  the  slope  coefficient  will  be  less  than  one. 
Our  tests  are  based  on  the  following  simple  regression: 

Pt  =  a  +  bPt  +  et.  (3) 

We  formally  test  whether  asset  prices  are  unbiased  predictors  of  ex 
post  market  fundamentals  by  testing  the  null  hypothesis  that  a  =  0  and 
b  =  1.   To  construct  a  valid  statistical  test  for  this  model,  we  must 

address  several  important  econometric  issues.   The  first  and  most 

* 
obvious  is  the  measurement  of  P  .   The  measurement  of  k  ,  the  one- 

t  t' 

* 
period  discount  rate  contained  in  P  ,  is  discussed  below.   Given 

measurements  or  estimates  of  the  one-period  discount  rates,  one  must 

calculate  P   from  a  finite  sample.   If  we  apply  the  model  to  bonds  we 

simply  start  at  maturity  and  work  backwards.   For  stocks  and  bonds 

that  mature  after  the  end  of  the  sample  period,  we  compute  P   as 


follows 


P    +  n 
-*    T+l    T+l 

T  "     (l+O 


*   Ci +  pt+i     •    , 

t  =  (1+k  ) '         '  **•' 
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-*  * 

Because  P  =  E  (P  ),  the  regression  relation  holds  whether  we  use  P 

or  our  measurement  P  .   The  second  concern  is  the  serial  correlation 
of  the  forecast  error  in  (3)  and  we  must  account  for  this  correlation 
in  the  computation  of  standard  errors  for  the  parameter  estimates. 
The  problem  is  similar  to  one  encountered  by  Hansen  and  Hodrick  (1980). 
With  long-terra  bonds  and  stocks  the  autocorrelation  in  the  error  term 
extends  over  many  periods  and  we  use  the  spectral  method  described  in 
Scott  (1985)  to  compute  the  appropriate  asymptotic  standard  errors. 
The  last  issue  concerns  the  time  series  behavior  of  P  and  P  . 
Kleidon  (1986)  and  Marsh  and  Merton  (1986)  have  noted  that  the 
variance  bounds  tests  are  not  valid  if  the  time  series  are  not  sta- 
tionary.  Most  of  the  asymptotic  results  for  least  squares  regression 
also  require  that  the  time  series  be  stationary.   The  tradition  in  the 
finance  literature  has  been  to  model  stock  prices  and  dividends  as 
time  series  that  grow  over  time  and  to  treat  percentage  changes  as 
stationary  time  series.   As  long  as  firms  continue  to  pay  dividends 
the  model  implies  that  price-dividend  ratios  are  also  stationary. 
We  use  the  annual  dividend  D  ,  which  is  dividends  accumulated  over  the 
year  ending  with  period  t,  to  deflate  our  time  series.   With  stock 
price  data  we  run  the  following  regression: 

Pt/Dt  =  a  +  b  Pt/Dt  +  et  (4) 

where  P../D   is  the  price-dividend  ratio  which  we  treat  as  a  stationary 
time  series. 

In  our  analysis  of  Treasury  bonds,  we  compare  P  with  P   for  dif- 
ferent maturities  over  time.   For  example,  we  define  one  maturity 
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group  as  ten-year  bonds.   To  construct  the  price  series,  we  start  with 
an  11  or  12  year  bond  and  follow  it  for  several  years  until  the  time- 
to-maturity  is  down  to  nine  years.   At  that  point  we  switch  to  another 
11  or  12  year  bond  and  continue.   We  have  four  different  maturity 
groups,  and  over  the  period  1932  to  1985,  we  observe  no  long- terra 
trends  up  or  down  in  either  the  price  or  the  corresponding  P   series. 
As  interest  rates  move  up  and  down,  the  coupons  on  new  bonds  are 
adjusted  to  reflect  current  market  rates.   We  also  note  that  P   is 
bounded  between  zero  and  the  sura  of  the  remaining  cash  flows.   The 
lower  bound  of  zero  is  obvious  (extremely  large  interest  rates),  and 
the  upper  bound  results  from  a  restriction  that  nominal  interest  rates 
cannot  drop  below  zero.   For  these  reasons,  we  treat  prices  and  ex 
post  market  fundamentals  for  bonds  as  stationary  series  and  apply  the 
regression  in  (3)  directly. 

One-period  discount  rates  are  needed  in  the  calculation  of  P  ,  and 
these  rates  are  generally  not  observable.   We  use  several  different 
estimates  based  on  models  from  the  finance  literature.   Much  attention 
has  been  devoted  to  estimating  expected  returns  and  risk  preraia  for 
common  stocks.   One  common  method  for  estimating  the  risk  premium  in 
the  stock  market  is  to  assume  that  it  is  constant  and  compute  the 
sample  mean  for  the  excess  return  on  a  stock  market  aggregate.    We 
refer  to  this  method  as  our  constant  risk  premium  model  and  k  = 

R_  .  ,,  +  RP  where  R.    ,  is  the  return  on  a  one-period  Treasury  bill 
F,t+1  F,t+1  *  J 

for  period  (t+1)  known  at  time  t  and  RP  is  the  estimated  risk  premium 
for  the  stock  market.   A  more  recent  approach  has  been  to  allow 
variation  over  time  in  the  risk  premium  and  conditional  variances  of 
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stock  market  returns.  The  risk  premium  is  linked  to  the  variability 
of  stock  returns  via  models  described  in  Merton  (1980).  The  current 
state  of  the  art  is  best  described  in  French,  Schwert,  and  Stambaugh 
(1987)  who  use  a  generalized  ARCH  process  to  model  the  variance  of 
stock  returns.  We  use  their  G-A.RCH  model  for  monthly  returns  on  the 
New  York  Stock  Exchange  (NYSE)  composite  and  we  re-estimate  it  for  the 

Q 

period  1926-87  by  the  method  of  maximum  likelihood: 

m,t+l   F,t+1  t+1    t+1     t 

2         ,222 
°t+l  =  a  +  bat  +  Cl£t  +  C2£t-1 

RPt  =  Et^iwrRF,tfi)  =  a+  SVl  "  9£t 

* 

with     a  =  -.0004698        a  =  .00008719 
(.006169)  (.00003471) 

3  =   .1852  b  -  .8293 

(.1420)  (.03274) 

9  =  -.07216         c  =  .06089 
(.03756)  (.03963) 

c  =  .08379 
(.04765) 

where  the  sample  size  is  742  and  the  standard  errors  are  in  parenthe- 
ses.  The  one-period  discount  rate  for  the  stock  market  is  then  k  = 

R„  . . ,   +  RP  .   Our  first  model  for  stocks  allows  for  interest  rate 
F,t+1      t 

variation  with  a  constant  risk  premium.   The  second  method,  which  we 
call  the  time  varying  risk  premium  model,  allows  for  variation  in  both 
interest  rates  and  risk  premia. 

We  also  consider  two  different  models  for  the  one-period  dis- 
count rates  on  bonds.   The  first  model  represents  a  version  of  the 
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expectations  theory  of  the  terra  structure.   We  assume  that  the  risk 

premium  on  bonds  is  zero  and  set  k  =  R_  ,  ,_  in  the  calculation  of  P  . 
r  t     F , t+1  t 

This  model  is  similar  to  the  expectations  theory  of  the  term  structure 
which  has  been  tested  by  Shiller  (1979),  Singleton  (1980),  and 
Campbell  and  Shiller  (1987).   P   is  a  nonlinear  function  of  one-period 
interest  rates  and  the  coupon  rate  and  the  model  follows  directly  from 
a  basic  asset  pricing  relation  with  risk  neutrality.   The  expectations 
theory  tested  by  Campbell,  Shiller, and  Singleton  follows  from  a  linear 
approximation  of  the  term  structure.   The  second  model  that  we  use 
incorporates  a  risk  premium  in  the  discount  rate.   Since  the  variabi- 
lity of  a  bond  price  must  decline  as  the  bond  approaches  maturity,  we 
assume  that  the  risk  premium  is  a  function  of  maturity.   In  our  data 
set  for  Treasury  bonds,  we  have  four  different  maturity  groups:   1-2 
year  bonds,  4-7  year  bonds,  8-13  year  bonds  and  15-30  year  bonds.   The 
average  maturities  are  1.5  years,  5.4  years,  10.8  years,  and  23.1 
years,  respectively.   We  estimate  an  average  excess  return  (relative 
to  one-month  Treasury  bills)  for  each  maturity  group.   Since  the  esti- 
mated risk  preraia  are  close  for  the  two  long-terra  bond  groups,  we  use 
the  average  of  those  two  for  bonds  with  maturities  over  10.8  years. 
The  estimated  risk  preraia  increase  with  maturity  out  to  10  years.   We 
use  a  zero  risk  premium  for  one  month  to  maturity  and  a  linear  inter- 
polation between  the  estimates  to  compute  the  risk  premium  out  to  10 

years.   For  this  second  model  we  compute  k  =  R^   , .  +  RP  (time  to 

t    F,t+1 

maturity),  and  we  refer  to  this  model  as  our  risk  premium  model  for 
bonds . 
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The  last  model  that  we  consider  for  both  stocks  and  bonds  is  an 
MRS  model  that  follows  from  the  intertemporal  CAPM  relationship.   We 
have 


J„(t)Pt  ■  W^xiWW1 


where  p   ,  and  d  ,.  are  prices  and  dividends  in  real  terms  and  J  (t+1) 
*t+l      t+1  w 

is  the  marginal  utility  of  wealth  (in  real  terms).   We  define  a  new 
variable  \  to  be  the  marginal  utility  of  wealth  times  the  consump- 

tion price  deflator.   With  this  new  variable  we  can  rewrite  the  asset 
pricing  model  with  nominal  prices  and  dividends  (or  cash  flows): 


Vt  -  vwww  or 

't-vlr^ww1"  (5) 

t 

t+1                   t+1        1 
where  is  the  MRS.   E  ( )  =  7- so  that  discounting  is 

\  t  Xt  1+RF,t+l 

incorporated  in  the  MRS  series.   Equation  (5)  is  also  a  stochastic 

difference  equation  with  the  following  solution: 

't-vj,  ^Vj1-  (6) 

j-1    t 

Again  we  observe  that  one  can  add  a  bubble  term  to  this  solution,  but 
the  right  side  of  (6)  is  an  alternative  representation  of  the  market 
fundamental. 

The  ex  post  market  fundamental  that  corresponds  to  (6)  is 

*    °°   Xt+i 
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t+1 

Given  estimates  of  ( )  over  time,  one  can  compute  a  finite  sample 

Xt 
version  as  follows: 

(7) 

Pt   -   (-f_L)(Pt+l+Dt+l)   f0r   t  =  1'   '••»   (T_1) 
t 


Scott  (1988)  has  recently  developed  a  method  for  consistently  esti- 

t+1 

mating  ( )  from  one-period  returns  by  using  both  the  large  cross 

Xt 
section  and  the  long  time  series  available  for  security  returns. 

Here  we  provide  a  brief  description  of  the  estimator.   From 

equation  (5)  we  have  the  following  model  for  nominal  returns: 

Et[^f<1+Ri,t+i)!  - 1<  (8> 

where  the  i  indexes  different  securities.   This  relation  implies  the 
following  unconditional  moments: 

where  z . _    is  a  vector  of  information  variables  known  at  time  t.   We 
—it 

examine  both  time  series  sample  moments 


I  Mt^KM^jMl 


and  cross  sectional  sample  moments 


i  K    xt+i 

*  1s1l<_tr)<i+Ri.e«)-11 
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The  time  series  sample  moments  converge  in  probability  to  zero  as  T 
gets  large,  but  the  cross  sectional  sample  moments  do  not  necessarily 

converge  in  probability  to  zero  as  K  gets  large.   The  reason  is  that 

^t+1 
the  error  terra  [ (1+R.  ._+1)~l]>  may  be  correlated  across  securities. 

To  handle  this  correlation  we  use  a  factor  structure  as  follows: 


xt+i  L 


A  cross  sectional  sample  moment  based  on  e .   ,,,  instead  of  u.   ,. 

r  i,t+l  i,t+l 

converges  to  zero  as  K  gets  large.   These  cross  sectional  sample 
moments  have  the  following  form  for  a  two-factor  model: 


K   =e±,t+l  =  (Ttl)  K  .E1(1+Ri,t+1)  "  1  "  ^l.t+l  "  82*2,t+l' 
i=l   '         t     i=l 


where  g.  and  g„  are  cross  sectional  averages.   By  setting  this  sample 
moment  equal  to  its  expected  value  of  zero  we  get 

(ik) .  1 +  gigiisa  +  giiiiai  .  (10) 

r  111<1«i.t*i) 

i=l 

Scott  finds  that  a  two  factor  model,  in  which  the  factors  are  innova- 
tions in  stock,  market  returns  and  innovations  in  an  interest  rate, 
works  quite  well.   The  g's  are  estimated  from  the  time  series  moments 

and  these  estimates  are  then  plugged  into  (10)  to  provide  consistent 

,^t+l 
estimates  of  (— ),  for  t=l,  ...,  T.   Scott  finds  that  this  model  is 

Xt 

not  generally  rejected  by  data  on  one-period  returns  but  it  is 

rejected  for  one-period  returns  on  the  NYSE  composite  for  the  period 
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1952-85;  the  model  is  not  rejected  for  returns  on  the  NYSE  over  a 
longer  time  period,  1927-85.   The  MRS  estimates  from  Scott  are 
available  over  the  period  1927  to  1985  and  we  use  these  estimates  to 
compute  estimates  for  the  ex  post  market  fundamentals  for  stocks  and 
bonds  according  to  (7).   We  refer  to  this  model  for  P   as  our  MRS 
model.   The  regression  tests  then  proceed  as  in  equation  (4)  for 
stocks  and  equation  (3)  for  bonds. 

II.   Empirical  Results 

In  this  section  we  apply  the  tests  of  Section  I  to  stock  prices 
over  the  period  1927-87  and  bond  prices  over  the  period  1932-85.   We 
use  monthly  data,  with  prices  taken  at  the  end  of  each  month.   Our 
data  set  for  aggregate  stock  prices  is  the  NYSE  value-weighted  index 
computed  from  the  CRSP  tapes.   The  CRSP  tapes  provide  returns,  with 
and  without  dividends,  on  a  value-weighted  portfolio  of  all  stocks  on 
the  NYSE.   With  the  two  return  series  one  can  compute  an  index  for  Che 
price  level  and  an  index  for  dividends.   We  fix  the  price  index  so 
that  the  level  at  the  end  of  1985  matches  the  NYSE  composite  index. 
The  Treasury  bond  prices  and  their  coupon  rates  and  maturities  have 
been  collected  from  the  Wall  Street  Journal  and  the  Bank  &  Quotation 
Record.   For  the  one-period  risk-free  return,  we  use  the  return  on 
one-month  Treasury  bills  found  in  Ibbotson  and  Sinquefield  (1982)  and 
updated  by  Ibbotson  &  Associates. 

We  first  examine  the  regression  tests  for  our  measure  of  aggregate 
stock  prices,  the  NYSE  Composite.   The  three  different  models  for  com- 
puting  ex  post  market  fundamentals,  P  ,  are  the  constant  risk  premium 
model,  a  time  varying  risk  premium  model,  and  the  MRS  model.   In  the 


-15-   ' 

constant  risk  premium  model,  we  use  the  average  excess  return  over  the 
sample  period  as  our  estimate  of  the  risk,  premium:   the  estimate  is 
.006397789  per  month  or  7.68  percent  on  an  annual  basis.   For  the  time 
varying  risk  premium  model,  we  use  the  G-ARCH  model  estimated  in 
Section  I.   The  variation  in  the  monthly  one-period  risk  premium  is 
substantial  for  this  model:   the  average  is  .009017  with  a  standard 
deviation  of  .006036  and  the  range  is  -.003884  to  .055188.   With  the 
two  risk  preraia  models,  we  are  able  to  extend  our  sample  to  the  end  of 
1987  and  include  the  Crash  of  October  1987.   The  estimates  of  the  MRS 
from  Scott  are  available  through  the  end  of  1985  and  the  sample  period 
for  the  MRS  model  is  1927-85. 

The  regression  results  for  stocks  are  contained  in  Table  I.   The 
slope  coefficients  on  the  price-dividend  ratio  are  significantly  less 
than  one  for  all  three  models.   The  t  statistics  for  the  tests  that 
the  slope  coefficients  are  one  are  -3.03,  -2.46,  and  -3.39.   These 

results  indicate  that  stock  prices  are  not  unbiased  predictors  of  ex 

2 
post  market  fundamentals.   The  R  ' s  of  the  regressions  for  the  risk 

premium  models  are  extremely  low  indicating  that  asset  prices  are  very 

poor  predictors  of  future  cash  flows  and  discounted  rates  according  to 

2 
these  models.   Of  course  a  low  R"  could  be  the  result  of  large  fore- 

2 
cast  errors.   The  R   for  the  regression  with  the  MRS  model  is  much 

higher  at  .17  and  the  slope  coefficient  is  closer  to  one,  .3944,  but 

prices  do  not  pass  the  test  for  an  unbiased  predictor  in  this  model. 

-*  _        _ 
We  also  present  the  sample  variances  of  P  /D   and  P  /D   in  Table  1. 

r  K  t   t      t   t 

In  all  three  cases  the  sample  variance  of  the  price-dividend  ratio  is 

-*  _  ~* 

greater  than  the  sample  variance  of  P  /D  ,  with  the  variation  in  P 
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being  greatest  for  the  MRS  model.   We  find  that  the  present  value 
relation  for  stock  prices  is  easily  rejected  for  the  NYSE  composite  in 
all  three  models.   We  originally  ran  the  regressions  for  the  risk  pre- 
mium models  with  data  through  December  1985,  and  the  original  results, 
not  reported  here,  are  virtually  the  same  as  those  contained  in  Table 
1  with  data  through  December  1987.   The  inclusion  of  the  stock  market 
crash  of  1987  does  not  alter  the  results  of  these  tests. 

We  turn  now  to  the  regression  tests  with  bond  prices  from  our  four 
different  maturity  groups.   As  we  state  in  the  introduction,  our  pur- 
pose for  examining  bond  prices  is  to  determine  whether  the  rejection 
of  the  present  value  model  for  stock  prices  is  related  to  long-terra 
expectations  or  something  unique  to  the  stock  market.   When  we  test 
the  present  value  relation  for  short-terra  bonds,  we  are  in  effect 
testing  market  expectations  of  interest  rates  and  inflation  over  a 
short  time  horizon.   When  we  test  the  present  value  relation  for  long- 
terra  bonds,  we  extend  our  horizon  and  we  effectively  test  long-terra 
expectations  for  interest  rates  and  inflation.   We  have  already  noted 
that  bonds  have  a  natural  terminal  condition  which  can  be  used  to  rule 
out  rational  speculative  bubbles.   If  the  present  value  relation  is 
rejected  for  long-term  bond  prices,  then  we  can  interpret  the  results 
as  evidence  that  long-term  expectations  are  not  formed  rationally. 

Before  we  present  the  results,  we  need  to  mention  a  special  feature 
of  our  data  on  long-terra  bonds.   All  of  our  series  on  Treasury  bond 
prices  run  roughly  from  1932  to  1985,  but  we  do  not  use  observations 
on  long-terra  bonds  during  the  period  1966-72.   Specifically,  we  have  a 
gap  from  January  1966  to  December  1971  in  our  8-13  year  bond  series 
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and  a  gap  from  December  1965  to  December  1972  in  our  15-30  year  bond 
series.   This  period  was  one  during  which  the  Treasury  did  not  issue 
any  new  long  terra  bonds  due  to  legal  restrictions  on  coupon  rates. 
There  were  some  existing  long-terra  bond  issues,  but  all  of  these  had  a 
special  tax  provision:   these  bonds  could  be  redeemed  early  at  par 
value  to  pay  federal  estate  taxes  and  they  became  known  as  flower 
bonds.   When  these  bonds  were  selling  at  or  above  par  value,  the 
effect  of  the  tax  provision  was  negligible.   As  interest  rates  rose, 
these  bonds  began  selling  at  discounts  and  the  effect  of  the  tax  pro- 
vision became  important.   In  more  recent  years  during  periods  of  high 
interest  rates,  these  bonds  have  sold  with  much  lower  yields  than 
other  Treasury  bonds.   We  do  not  use  prices  on  these  flower  bonds 
after  1965  because  they  were  selling  at  significant  discounts  and  they 
were  priced  effectively  as  shorter-term  bonds.   The  Treasury  did  not 
issue  any  new  long-term  bonds,  without  the  special  tax  provision, 
until  1971.   As  a  result,  there  are  gaps  in  our  long-terra  bond  series 
and  these  gaps  show  up  in  the  graphs,  Figures  5  and  6.   We  have  also 
modified  the  calculation  of  the  covariance  matrix  for  the  parameter 
estimates  in  our  regression  tests  to  account  for  the  missing  values. 

The  results  of  the  bond  price  regressions  are  presented  in  Tables 
2,  3,  and  4.   The  results  in  Table  2  are  for  the  model  with  no  risk 
premium  in  P  .   Table  3  contains  the  results  for  the  model  in  which 
tht  risk  premium  declines  as  we  approach  maturity.   In  Table  4,  we 
present  the  results  for  the  model  in  which  the  estimated  MRS  is  used 
to  compute  P  .   In  all  12  regressions,  bond  prices  (short,  medium,  and 
long  terra)  pass  the  test  for  unbiasedness;  we  do  not  reject  the 
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hypothesis  that  bond  prices  are  unbiased  predictors  of  their  ex  post 
market  fundamentals.   It  does  not  matter  whether  we  compute  P   with  a 
pure  expectations  theory  for  the  terra  structure  or  a  risk  premium  for 
the  discount  rates  or  with  estimates  of  the  MRS.   The  risk  premium 

models  have  slope  coefficients  that  are  positive  and  reasonably  close 

2 
to  -one  and  the  R  s  for  the  regressions  are  relatively  high.   Naturally 

2 
the  R   is  higher  for  short-terra  bonds  and  lower  for  long-terra  bonds, 

because  the  magnitude  of  the  forecast  error  increases  as  we  increase 
the  time  horizon.   We  also  note  that  in  all  12  cases  bond  prices  pass 
the  volatility  test.   In  Table  4,  we  note  that  there  is  extreme 
variation  in  P   for  the  MRS  model.   The  estimates  of  the  MRS  are  based 
on  a  sample  that  places  more  weight  on  stock  returns  and  the  estimates 
exhibit  variability  similar  to  that  of  stock  returns. 

The  regression  tests  focus  on  asset  prices  as  unbiased  predictors 
of  ex  post  market  fundamentals.   In  cases  of  rejection,  the  regression 
tests  do  not  reveal  the  reasons  for  rejection.   A  slope  coefficient 
significantly  less  than  one  indicates  two  possibilities:   the  market 
has  a  tendency  to  be  overvalued  or  asset  prices  have  a  tendency  to 
fluctuate  too  much.   At  this  point,  a  peek  at  the  data  may  help.   In 
Figures  1-6,  we  present  plots  of  asset  prices  and  ex  post  market  fun- 
damentals over  time.   The  two  risk  premium  models  for  the  NYSE  are 
presented  in  Figure  1.   The  plot  gives  the  impression  that  for  a  long 
period,  roughly  1952-75,  the  market  was  overvalued.   This  observation 
has  been  previously  noted  by  Grossman  and  Shiller  (1981).   The  market 
also  appears  to  be  too  volatile  during  this  period.   For  the  periods 
before  1952  and  after  1975,  the  market  does  not  appear  to  be 
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consistent ly  overvalued  and  it  does  not  appear  to  be  too  volatile. 
There  are,  however,  two  exceptions:   the  increase  in  stock  prices 
during  the  late  1920' s  and  the  increase  in  stock  prices  during  1987. 
In  Figure  2,  we  present  the  plot  of  stock  prices  (price-dividend 
ratios)  with  P   computed  for  the  MRS  model.   This  plot  gives  the 
impression  that  volatility  of  asset  prices  is  not  the  problem;  instead 
this  plot  suggests  that  the  stock  market  is  consistently  overvalued. 
We  offer  the  following  interpretation  for  stock  prices:   the  market 
appears  to  be  consistently  overvalued  and  this  overvaluation  may  be 
due  to  a  bias  in  long-term  expectations,  speculative  bubbles,  or  fads. 
One  might  argue  that  expectations,  short  and  long  term,  are  formed 
irrationally,  but  we  note  that  there  is  a  large  body  of  evidence 
showing  that  short-term  returns  are  difficult  to  predict. 

By  looking  at  the  bond  market,  both  short-term  and  long-term,  we 
can  examine  some  additional  evidence  regarding  the  nature  of  long-terra 
expectations.   In  Figures  3-6,  we  present  plots  of  bond  prices  with  ex 
post  market  fundamentals  calculated  by  the  risk  premium  model  and  the 
pure  expectations  model.   We  do  not  include  plots  of  P   calculated 
from  the  MRS  model  because  the  variation  is  too  extreme.   Figures  3 
and  4  indicate  that  short-term  and  medium-term  bond  prices  are  reason- 
ably good  predictors  of  ex  post  market  fundamentals.   In  Figures  5  and 
6  for  the  long-terra  bonds,  we  see  much  larger  forecast  errors  and 
greater  variation  in  ex  post  market  fundamentals.   One  very  important 
difference  in  the  plots  for  bond  prices  is  that  over  this  period, 
1932-85,  we  observe  both  positive  and  negative  forecast  errors. 
Because  the  forecast  errors  for  long-terra  bonds  extend  over  a  longer 
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tirae  horizon,  the  serial  correlation  in  these  errors  is  much  greater, 
but  this  phenomenon  is  consistent  with  rational  pricing.   There  is  no 
tendency  for  the  bond  prices  to  be  systematically  above  or  below  ex 
post  market  fundamentals.   From  the  results  and  observations  in  bond 
prices,  we  conclude  that  there  is  no  bias  in  long-term  expectations 
with  respect  to  interest  rates  and  inflation.   These  results  indicate 
that  rejection  of  the  present  value  model  for  stock  prices  must  be 
associated  with  something  unique  to  the  stock  market. 

III.   Conclusions 

We  present  some  new  tests  of  present  value  models  and  we  apply  the 
tests  to  both  stock  prices  and  bond  prices.   We  use  two  different 
methods  for  incorporating  variation  in  discount  rates.   Our  first 
method  is  to  model  one-period  discount  rates  as  the  combination  of 
short-term  rates  on  Treasury  bills  and  a  risk  premium,  and  we  use 
several  models  for  the  risk  premium.   Our  second  method  is  to  use 
estimates  of  the  marginal  rate  of  substitution  computed  from  one- 
period  security  returns.   The  results  of  our  tests  can  be  summarized 
as  follows:   the  present  value  model  is  not  rejected  for  bond  prices, 
but  it  is  rejected  by  the  data  on  stock  prices.   All  of  our  sample 
periods  extend  over  50  years  and  we  examine  an  aggregate  index  of 
stock  prices  as  well  as  short,  medium,  and  long-term  Treasury  bond 
prices.   We  interpret  the  results  as  follows:   long-term  expectations, 
implicit  in  long-term  bond  prices,  are  formed  rationally,  but  there  is 
something  unique  to  the  stock  market  that  leads  to  rejection  of  the 
present  value  model.   From  our  analysis,  we  rule  out  variability  in 
interest  rates  and  risk  premia  and  the  state  of  long-terra  expectations 
as  explanations  for  the  observed  variability  of  stock  prices. 
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FOOTNOTES 

For  a  discussion,  see  LeRoy  and  LaCivita  (1981)  and  Michener 
(1982). 

2 
For  a  survey  of  the  early  literature,  see  Fama  (1970).   For  some 

more  recent  results  see  Fama  and  French  (1988b). 

3 
For  examples,  see  Campbell  and  Shiller  (1987,  1988a, b),  Mankiw, 

Romer,  and  Shapiro  (1985),  Scott  (1985),  Shiller  (1979,  1981),  and 

Singleton  (1980). 

4 
In  two  recent  papers,  Durlauf  and  Hall  (1988,  1989)  show  that  the 

regression  test  has  the  power  to  detect  noise  in  asset  prices. 

Because  Pt  is  not  strictly  exogenous  in  this  regression,  any 
attempt  to  apply  GLS  will  result  in  inconsistent  parameter  estimates. 

Marsh  and  Merton  (1986)  examine  a  theoretical  model  in  which  the 
price-dividend  ratio  is  stationary. 

The  excess  return  is  the  return  on  the  aggregate  minus  the  return 
on  a  nominally  risk-free  security  such  as  short-term  Treasury  bill. 
For  the  stock  market  aggregate,  we  use  the  value-weighted  NYSE  index 
from  the  CRSP  tapes. 

Q 

For  a  discussion  of  the  maximum  likelihood  estimator,  see  Engle, 
Lilien,  and  Robins  (1987). 
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TABLE  1 

Regression  Tests,  Stock  Prices 
NYSE 


p*         P 


D. 


D. 


Constant     Time  Varying 
Risk  Premium   Risk  Premium   MRS  Model 


Sample  Period 

Sample  Size 

a 
(standard  error) 

b 
(standard  error) 

t(a=0) 

t(b=l) 

R2 

X2(2) 


Var(Pt/D  ) 
Var(Pt/Dt) 


Estimated  Risk  Premium 


1927-87 

1927-87 

1927-85 

731 

731 

707 

22.800 

17.008 

1.629 

(8.921) 

(11.032) 

(4.8332) 

-.1514 

-.06316 

.3944 

(.3802) 

(.4314) 

(.1785) 

2.56 

1.54 

.34 

-3.03 

-2.46 

-3.39 

.04 

.01 

.17 

15.11 

45.50 

103.43 

26.90 

22.23 

37.89 

41.54 

41.54 

42.16 

.006397789 

Varies 

— 

per  month 

TABLE  2 

Regression  Tests,  Bond  Prices 
No  Risk.  Premium 

P   =  a  +  bP  +  e 
t         t    t 

1-2  Year   4-7  Year   3-13  Year    15-30  Year 
Bonds      Bonds      Bonds        Bonds 

a  5.4160     33.826      10.951      14.091 

(standard  error)         (12.9781)   (112.374)    (118.615)    (229.997) 

b  .9510       .6907       .9537       .8976 

(standard  error) 

t(a=0) 

t(b=l) 

R2 

2 
X(2) 

Var(P  ) 

Var(P  ) 
t 


.42 

.30 

.09 

.06 

-.38 

-.27 

-.04 

-.04 

.57 

.38 

.34 

.12 

2.32        3.03        2.53         .24 


8.74 

49.69 

230.85 

642.34 

5.52 

39.66 

85.19 

92.11 

640 

634 

575 

562 

Sample  Size 


NOTE:  The  sample  periods  run  from  1932  to  1985.  There  are  no  obser- 
vations for  8-13  year  bonds  from  January  1966  to  December  1971 
and  no  observations  for  15-30  year  bonds  from  December  1965  to 
December  1972. 


TABLE  3 

Regression  Tests,  Bond  Prices 
Risk  Premium  Declines  with  Maturity 


P  =  a  + 
t 

bP  +  e 
t    t 

1-2  Year 

4-7  Year 

8-13  Year 

15-30  Year 

Bonds 

Bonds 

Bonds 

Bonds 

a 

3.4393 

32.766 

25.641 

51.186 

(standard 

error) 

(12.6497) 

(133.37) 

(150.483) 

(198.103) 

b 

.9631 

.6548 

.6850 

.3270 

(standard 

error) 

(.1254) 

(1.3445) 

(1.5034) 

(2.0303) 

t(a=0) 

.27 

.25 

.17 

.26 

t(b=l) 

-.29 

-.26 

-.21 

-.33 

R2 

.58 

.33 

.22 

.03 

2 
x(2) 


Var(P*) 

Var(Pt) 

Sample  Size 


.83         .67        2.33         3.60 


8.84 

51.02 

182.66 

379.18 

5.52 

39.66 

85.19 

92.11 

640 

634 

575 

562 

NOTE:   Estimated  risk  premium  (average  excess  return  over  1-month 
return) 

Average  Maturity   Monthly  Premium  (decimal) 


1-  2  Year  Bonds 

1.5  years 

.0005684916 

4-  7  Year  Bonds 

5.4 

.0008751095 

8-13  Year  Bonds 
15-30  Year  Bonds 

10.8 

} 
23.1 

.001306655 

TABLE  4 

Regression  Tests,  Bond  Prices 
MRS  Model 


P   =  a  +  bP   +  e 
t         t    t 


error) 

1-2  Year 
Bonds 

4-7  Year 
Bonds 

8-13  Year 
Bonds 

15-30  Year 
Bonds 

a 
(standard 

387.16 
(415.34) 

122.49 
(255.50) 

29.913 
(61.902) 

23.589 
(71.674) 

b 
(standard 

error) 

-2.9664 
(4.0900) 

-.5936 
(2.5057) 

.1149 
(.6132) 

.04457 
(.74365) 

t(a=0) 

.93 

.48 

.48 

.33 

t(b=l) 

-.97 

-.64 

-1.44 

-1.28 

R2 

.01 

.01 

.00 

.00 

2 
X(2) 

- 

3.68 

18.60 

87.08 

236.33 

Var(Pt) 

3659.42 

1982.81 

848.09 

354.10 

Var(P  ) 
t 

5.52 

39.66 

85.19 

92.11 

Sample  Size 

640 

634 

575 

562 
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